Analysis of the Relationship between Carbon Emissions of Industrial Branch and Industrial Development in Jilin  by Yao, Jie et al.
 Energy Procedia  17 ( 2012 )  1529 – 1534 
1876-6102 © 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Hainan University.
doi: 10.1016/j.egypro.2012.02.277 
2012 International Conference on Future Electrical Power and Energy Systems 
Analysis of the Relationship between Carbon Emissions of 
Industrial Branch and Industrial Development in Jilin 
Jie Yao 1,a , Pei-jun Zhu1,b, Yan Zhang2,c 
1School of Economy and Management, Northeast Dianli University, NEDU, Jilin, China 
2School of Foreign Linguistics and Applied Linguistics, Tianjin Foreign Studies University, Tianjin, China 
Abstract 
According to the energy consumption statistics of eighteen industrial branches in Jilin in recent years, this paper 
calculated carbon emissions and the association coefficient between carbon emissions and output values based on the 
method of grey relation degree. It also analyzed the close relationship between carbon emissions and the output 
values of industrial branches in Jilin. Finally it gave some suggestions on energy conversation and pollution reduction 
so as to serve for the development of the low carbon economy in Jilin. 
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1.  Introduction 
In recent years, with the rapid development of Jilin economy and the national economy, the energy 
production and consumption have increased year by year. It brought about some serious environmental 
problems. Especially, the problem of carbon emissions has a great impact on global climate change. 
Therefore, the main way of transforming economic development mode is to develop the low carbon 
economy based on low consumption, low pollution, and low emission. As for Jilin Province which is 
regarded one of Northeastern old industrial base, industrial development plays a decisive role in the whole 
province[1]. The rapid development of industrialization and urbanization in Jilin demands more and more 
energy, which results in the increasing of carbon emissions especially the carbon dioxide emissions. It 
greatly influenced the economic development, the environment, the climate and the ecology in Jilin. 
Therefore, it is necessary for us to study the relationship between carbon emissions in industrial branches 
and the development of them in Jilin. This paper discussed the relationship between carbon emissions and 
industrial development based on grey relation degree to serve the development of the low carbon economy 
in Jilin. 
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2. The Estimation of carbon emissions of industrial branches in Jilin 
Carbon dioxide emissions take a large part in carbon emissions. Therefore, this paper mainly calculates 
carbon dioxide emissions. In industrial branches, the primary source of carbon is fossil fuel especially raw 
coal, crude oil, and natural gas. The estimation of carbon dioxide is based on the consumption data of the 
three energy resources. 
2.1 Data Sources 
According to the article “Production and Consumption of Energy” in “Jilin Statistical Yearbook” from 
1999 to 2009, this paper sorted the consumption of raw coal, crude oil and natural gas of eighteen 
industrial branches in Jilin. The eighteen industrial branches are mining, manufacture of food, beverages, 
tobacco, manufacture of textile, manufacture of leather, furs, feather and related products, manufacture of 
timber processing, wood, bamboo, rattan, palm, straw products, manufacture of paper and paper products, 
manufacture of petroleum processing, coking and processing of nuclear fuel, manufacture of raw chemical 
materials and chemical products, manufacture of medicines, manufacture of chemical fibers, manufacture 
of rubber and plastics products, manufacture of non-metallic mineral products, smelting and pressing of 
ferrous metals, smelting and pressing of non-ferrous metals, manufacture of metal products, manufacture 
of transport equipment, manufacture of electric equipment, machinery, telecommunications equipment, 
computer and other electronic equipment, and production and supply of electric power, gas and water. 
2.2 The Method of Estimation 
First, standardize the data units based on the discount factor of standard coal in Table 1 and according 
to the following relationship, namely energy (standard coal) equal to the product of consumption of energy 
and the discount factor of standard coal. 
TABLE I. The discount factor of standard coal 
Energy The discount factor of standard coal 
Raw Coal 0.7143 
Crude Oil 1.4286 
Natural Gas 1.3300 
a. In this diagram, if the energy is non-gas, the unit of the discount factor of standard coal is kilogram (standard coal)/ kilogram, whereas if the energy is gas, it is kilogram 
(standard coal)/ cubic meter. The statistics are from “China Energy Statistical Yearbook”. 
Second, adopt the computation formula of the decomposition model of carbon emissions which is 
proposed and improved by Xu Guoquan and other people[2]. 
Carbon Dioxide Emissions=įfEf +įmEm +įnEn                                                                 (1) 
Ef stands for the quantity of standard coal which is consumed by coal. įf represents the conversion 
efficiency of carbon emissions of coal consumption. Em is the quantity of standard coal which is consumed 
by petroleum. įm represents the conversion efficiency of carbon emissions of petroleum consumption. En 
stands for the quantity of standard coal which is consumed by natural gas. įn represents the conversion 
efficiency of carbon emissions of natural gas consumption. The conversion efficiency of carbon emissions 
are as follows[3](Tab.2): 
TABLE II. The conversion coefficients of carbon source 
Energy Raw Coal Crude Oil Natural Gas 
Conversion Efficiency (t/t standard 
coal) 
0.7476 0.5825 0.4435 
2.3 The Results of Estimation 
Based on the statistics and formula as above, the carbon emissions diagrams of industrial branches in 
Jilin have been calculated, as shown in Table 3: 
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TABLE III. The carbon emission amount (10 thousand tons) in different industrial sectors in Jilin from 1998 to 2008 
Year 
Industrial Sectors 
Total mining food, beverages, tobacco textile 
leather, furs, feather 
and related products
1998 2325.27 250.16 55.52 13.59 0.65 
1999 2383.28 238.02 61.79 11.02 0.59 
2000 2383.45 211.89 60.62 10.96 0.32 
2001 2540.59 241.34 63.26 7.90 0.21 
2002 2633.90 204.61 47.95 8.65 0.29 
2003 2983.73 295.66 43.56 7.82 0.11 
2004 3220.59 271.29 49.79 8.65 0.21 
2005 3799.30 279.22 59.99 7.36 0.28 
2006 4274.71 383.73 85.15 9.36 0.36 
2007 4589.73 595.43 117.56 9.01 0.70 
2008 5169.56 702.01 161.43 8.65 0.77 
Year 
Industrial Sectors 
timber processing, wood, 
bamboo, rattan, palm, 
straw products 
manufacture of paper 
and paper products 
petroleum processing, 
coking and processing of 
nuclear fuel 
raw chemical 
materials and 
chemical products 
medicines 
1998 5.39 33.34 116.67 415.49 16.61 
1999 4.53 24.68 124.22 424.52 13.28 
2000 6.72 37.50 136.24 420.28 15.25 
2001 10.15 38.96 196.30 416.55 16.18 
2002 11.40 51.66 196.24 435.03 18.86 
2003 34.57 32.94 166.21 548.76 38.38 
2004 36.63 38.76 159.12 657.58 23.12 
2005 36.95 50.92 168.50 798.45 30.76 
2006 55.93 61.24 146.29 856.76 48.35 
2007 61.61 59.57 116.13 789.26 43.69 
2008 65.82 41.75 144.04 759.19 58.73 
Year 
Industrial Sectors 
manufacture of chemical 
fibers 
manufacture of rubber 
and plastics products 
manufacture of non-
metallic mineral 
products 
smelting and 
pressing of 
ferrous metals 
smelting and 
pressing of non-
ferrous metals 
1998 40.38 8.52 152.45 18.46 8.05 
1999 64.78 8.39 91.63 15.50 6.03 
2000 73.92 4.82 83.43 13.96 5.85 
2001 68.31 4.34 96.98 22.39 5.70 
2002 62.55 4.27 106.26 23.43 6.40 
2003 54.98 4.67 250.18 37.43 5.43 
2004 45.32 5.98 241.59 23.25 12.02 
2005 52.00 7.26 225.18 27.75 12.62 
2006 54.47 8.32 371.78 42.09 18.32 
2007 66.83 12.86 363.19 45.36 19.30 
2008 55.24 8.64 379.57 51.14 26.36 
Year 
Industrial Sectors 
metal products transport equipment 
electric equipment, machinery, 
telecommunications equipment, computer and 
other electronic equipment 
production and 
supply of electric 
power, gas and water
1998 1.90 79.04 6.56 1051.11 
1999 1.53 77.42 6.05 1164.99 
2000 4.13 81.19 5.30 1171.87 
2001 1.12 97.32 3.99 1205.77 
2002 3.62 78.49 2.36 1318.90 
2003 1.23 93.19 1.62 1311.80 
2004 1.70 107.80 2.72 1420.54 
2005 1.95 93.34 3.16 1786.36 
2006 2.22 91.71 5.08 1803.70 
2007 3.08 84.22 8.06 1936.65 
2008 5.92 108.41 7.74 2241.22 
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2.4 Analysis of the Statistics 
From Table 3, we can notice that the industrial branches in Jilin which discharge more carbon dioxide 
are mining, manufacture of petroleum processing, coking and processing of nuclear fuel, manufacture of 
raw chemical materials and chemical products, manufacture of non-metallic mineral products, and 
production and supply of electric power, gas and water. Whereas, the industrial braches which discharge 
less carbon dioxide are manufacture of leather, furs, feather and related products, manufacture of rubber 
and plastics products, manufacture of metal products, and so on. The total emission of industrial branches 
in Jilin increases 122.32% compared with that in 1998. The growth rate which tops the list of all the 
branches is manufacture of timber processing, wood, bamboo, rattan, palm, straw products whose growth 
rate is 1120.28%. Its average growth rate is 110.93% per year. The branch ranked second is manufacture of 
medicines whose growth rate is 253.64%. Besides, there are some other branches which have rapid growth. 
They are smelting and pressing of non-ferrous metals, manufacture of metal products, manufacture of food, 
beverages, tobacco, and mining, and so on. From the analysis of statistics, we could conclude that with the 
rapid development of industrialization in Jilin, the carbon emissions of different branches have greatly 
changed. 
3. Analysis of Grey Relation Degree between Carbon Emissions and Output Values of Industrial 
Branches in Jilin 
3.1 Grey Relation Degree Method 
Grey relation degree Method is a kind of Grey Correlation Degree Method. It mainly reflects how close 
each sequence is to the rate of change with respect to the start point. It is an accurate quantitative indicator 
to show how close the relationship is between different data sequences with markedly different statistics[4,5]. 
The primary task for this paper is to calculate grey relative correlation coefficient between carbon 
emissions and output value. The formula which is based on is as follows: 
Suppose we have m comparing sequences as Xi(k)={xi(1),xi(2),…ˈxi(n)}, and i=1,2,3,…,m. The base 
sequence is X0. 
First, normalize the values in Xi sequence, we have equation (2): 
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Then, calculate annihilating sequence of Xi’, we have equation (3): 
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We can calculate the sequence difference by using equation (4) and (5): 
)(
2
1)( 00
1
1
0
00 nXkXS
n
k
 ¦

 
                                                       (4) 
)(
2
1)( 00
1
1
0
00 nXkXS
n
k
 ¦

 
                                                        (5) 
The grey relation degree between Xi and X0 is: 
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3.2 Analysis of Calculation Results 
According to the formula as above, the grey correlation coefficient between carbon dioxide and output 
value in Jilin is calculated, as shown in Table 4: 
TABLE IV. The correlation coefficients between the output values and carbon emission amount in industrial sectors 
Industry The correlation coefficient 
Mining 0.618 
Manufacture of food, beverages, tobacco 0.587 
Manufacture of textile 0.530 
Manufacture of leather, furs, feather and related products 0.534 
Manufacture of timber processing, wood, bamboo, rattan, palm, straw products 0.766 
Manufacture of paper and paper products 0.797 
Manufacture of petroleum processing, coking and processing of nuclear fuel 0.603 
Manufacture of raw chemical materials and chemical products 0.746 
Manufacture of medicines 0.700 
Manufacture of chemical fibers 0.672 
Manufacture of rubber and plastics products 0.519 
Manufacture of non-metallic mineral products 0.642 
Smelting and pressing of ferrous metals 0.638 
Smelting and pressing of non-ferrous metals 0.633 
Manufacture of metal products 0.605 
Manufacture of transport equipment 0.538 
Manufacture of electric equipment, machinery, telecommunications equipment, 
computer and other electronic equipment 0.529 
Production and supply of electric power, gas and water 0.668 
From the correlation coefficient in Table 4, we can get that all the values exceed 0.5. It suggests that the 
relationship between carbon emissions and output values of these industries in Jilin is very close. However, 
the correlation coefficient of each industry is different from each other. It shows that output values of each 
industry have different impact on carbon emissions. Each industry should formulate energy conversation 
policies depending on their own situations. 
From the differences between industrial branches, the industries whose output values have the closest 
relation with carbon dioxide (the correlation coefficient > 0.7) are manufacture of timber processing, wood, 
bamboo, rattan, palm, straw products, manufacture of paper and paper products, manufacture of raw 
chemical materials and chemical products, and manufacture of medicines. The industries whose correlation 
coefficients are between 0.6 and 0.7 are mining, manufacture of petroleum processing, coking and 
processing of nuclear fuel, manufacture of chemical fibers, manufacture of non-metallic mineral products, 
smelting and pressing of ferrous metals, smelting and pressing of non-ferrous metals, manufacture of metal 
products, and production and supply of electric power, gas and water. It shows that the industries in Jilin 
whose output values have the close relationship with carbon emissions are mainly heavy industries. This 
also corresponds to the fact that Jilin Province is one of the old industrial bases. 
4. Policy Proposals 
According to the analysis and studies as above, there are some policy proposals provided to relevant 
departments for reference. This may help the development of low carbon economy in Jilin. 
4.1 Adjust the Structure of Energy Consumption, Develop and Adopt Clean Energy 
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The statistical process of industrial energy consumption in Jilin shows us that the carbon consumption 
is 60% of the total energy consumption. The raw coal’s conversion efficiency of carbon emissions is the 
highest. Therefore, coal consumption is the main source of carbon emissions in Jilin. It is necessary to 
change the over dependence on a single energy consumption of coal and raise the proportional use of 
petroleum, natural gas, water and other energy. In addition, we should develop some clean energy such as 
wind, water, solar and other energy. It is important for us to apply clean energy into the production and 
daily life to reduce carbon dioxide emissions. 
4.2 Adjust the Structure of Industries, Optimize the Distribution of Industries 
As one of northeast old industrial bases, Jilin Province should limit reasonably the industries whose 
carbon dioxide emission are much higher like mining, manufacture of petroleum processing, coking and 
processing of nuclear fuel, manufacture of raw chemical materials and chemical products, manufacture of 
non-metallic mineral products, and production and supply of electric power, gas and water. It also should 
actively strengthen the industries whose carbon dioxide emissions are much lower such as manufacture of 
leather, furs, feather and related products, manufacture of textile, and manufacture of electric equipment, 
machinery, telecommunications equipment, computer and other electronic equipment. This measure may 
help Jilin successfully changing from traditional industrialization into new industrialization. 
4.3 Increase Research Input, Introduce and Absorb Advanced Technology, Develop Technological 
Innovation 
From the statistics processing, we could conclude that in Jilin, the industries with high carbon 
emissions also have the close relationship with their output values. Therefore, it is necessary to reduce 
carbon emissions beginning with the interior in the industries. The industries should introduce advanced 
technology, and increase the efficiency of energy, and improve structure of clean energy and tail gas 
treatment during the process of production. The core of low carbon economy is the innovation of energy 
technology and institutions and the fundamental shift of the conception of human existence and 
development. That is why it is a must for Jilin to increase research input and develop technology 
innovation during the process of developing low carbon economy. 
5. Conclusion 
Based on the method of grey relation degree, this paper has calculated the carbon emissions of Jilin 
Province’s eighteen industrial branches in recent years. And it has also computed the association 
coefficient between the carbon emissions and the output values of these eighteen industrial branches. By 
analyzing the results, we can find that the output value of each industry has different impact on carbon 
emissions. It shows that the industries whose output values have the close relationship with carbon 
emissions in Jilin are mainly heavy industries. Therefore, we should pay much more attention to formulate 
their energy conversation policies. At the end of this paper, we gave some suggestions on energy 
conversation and pollution reduction so as to serve for the development of the low carbon economy in Jilin. 
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